
RESEARCH ARTICLE

Factors Associated with Higher Reported Pain
Levels in Patients with Chronic
Musculoskeletal Pain: A Cross-Sectional,
Correlational Analysis
Sang Jun Park, Duck Mi Yoon, Kyung Bong Yoon, Ji Ae Moon, Shin Hyung Kim*

Department of Anesthesiology and Pain Medicine, Anesthesia and Pain Research Institute, Yonsei
University College of Medicine, Seoul, Republic of Korea

* tessar@yuhs.ac

Abstract

Background

Chronic musculoskeletal pain is highly prevalent, disabling, and costly, and has many nega-

tive effects on quality of life. The aim of this study was to investigate factors associated with

higher reported pain levels in patients with chronic musculoskeletal pain among demo-

graphic, clinical, and psychological factors, and to evaluate whether insomnia is indepen-

dently associated with pain intensity in this population.

Methods

A total of 357 patients with chronic musculoskeletal pain (pain duration� six months) satis-

fied the study inclusion criteria and were included in the analyses. Patient demographics,

clinical, and psychological factors were evaluated with hierarchical multivariate logistic anal-

ysis to identify factors associated with severe pain (NRS [numeric rating scale]� 7). Hierar-

chical linear regression analysis also performed to identify factors associated with pain

intensity (0 to 10 NRS).

Results

Multivariate logistic analyses revealed older age (OR [odds ratio] = 1.017, 95% CI [confi-

dence interval] 1.001–1.032, P = 0.034), high anxiety level (OR = 1.162, 95% CI 1.020–

1.324, P = 0.024), high pain catastrophizing (OR = 1.043, 95% CI 1.007–1.081, P = 0.018),

and severe insomnia (OR = 1.112, 95% CI 1.057–1.170, P<0.001) were significantly associ-

ated with severe pain. Hierarchical linear regression analysis showed age (β = 0.106, P =

0.041), pain catastrophizing (β = 0.249, P<0.001), and insomnia (β = 0.286, P<0.001) were

significantly associated with pain intensity. The variance in pain intensity explained by the

final model was 32.2%.
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Conclusions

Older age, severe insomnia, and high pain catastrophizing were significantly associated

with higher reported pain levels. Insomnia was independently associated with pain intensity,

even after controlling for various demographic and clinical factors. These factors should be

considered when devising pain management strategies for this population.

Introduction
Chronic musculoskeletal pain is highly prevalent, disabling, and costly, and has many negative
effects on quality of life [1,2]. Patients with chronic musculoskeletal pain report different levels
of pain with different analgesic needs, even among those with similar radiological or pathologi-
cal conditions, because pain is not only a primitive sensory signal for damaged tissue, but also a
complex psychological experience. Chronic pain, by its very nature, is closely related to psycho-
logical states such as insomnia, anxiety, depression, and pain catastrophizing [2–4]. These psy-
chological states can either exacerbate or inhibit nociception and the experience of pain [3,4].

Many patients suffering from chronic musculoskeletal pain frequently experience sleep
problems even when taking analgesics [5,6]. Because insomnia has been shown to worsen pain,
mood, and physical functioning, it could negatively impact the clinical outcomes of patients
with chronic musculoskeletal pain [7]. Insomnia is reported to be significantly associated with
increased pain intensity and lowered pain threshold [8,9]. Also, insomnia is commonly seen in
depressive/ anxious patients. Depression and anxiety are significantly associated with increased
pain intensity [3,4,8]. On the other hand, comorbid insomnia and high pain catastrophizing
could aggravate central sensitization which increases clinical pain [10]. High pain catastrophiz-
ing and heightened depressed mood showed an additive and adverse effect on the impact of
pain relative to either alone [3]. Furthermore, cognitive processes such as pain catastrophizing
and cognitive pre-sleep arousal seem to be related to insomnia severity in chronic pain [11].
Collectively, although the interaction between depression, anxiety, pain catastrophizing, and
insomnia is complex and not fully understood, insomnia seems to significantly influence pain
perception in chronic pain patients, directly or indirectly. Furthermore, a recent study demon-
strated that improvement in insomnia as a moderator can lead to better treatment outcomes in
chronic pain patients [12]. We hypothesized that insomnia would contribute significantly to
pain perception in chronic musculoskeletal pain patients among these psychological factors.

The aim of this study was to investigate factors associated with higher reported pain levels
in patients with chronic musculoskeletal pain among demographic, clinical, and psychological
factors, and to evaluate whether insomnia is independently associated with pain intensity in
this population.

Methods

Study population
This retrospective, cross-sectional study was approved by the Institutional Review Board of
Severance Hospital, Yonsei University Health System (ref: 4-2016-0241). The requirement for
informed patient consent was waived; however, patient records were anonymized and de-iden-
tified prior to analysis. Data was obtained from a clinical data retrieval system in our institution
using musculoskeletal pain-related diagnoses. The sample population in this study comprised
patients with musculoskeletal pain who received treatment for their pain and completed pain-
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related psychological measures between March 2015 and February 2016 at our outpatient
clinic. Musculoskeletal pain was defined as pain in the following five anatomical areas: neck,
shoulder or higher part of the back; elbow or wrist/hand; lower part of the back; hip or knee;
and ankle and foot. Chronicity was established by the persistence of pain beyond six months.
We excluded patients with current cancer and pre-existing psychiatric and neurologic disor-
ders, which are known to affect psychological symptoms. Patients with major pathologies of
the musculoskeletal structures including fractures, spinal cord injuries, infections, or neo-
plasms were also excluded. Patients were excluded if they reported that primary insomnia or
depressive/anxious symptoms predated the onset of pain, or were diagnosed with obstructive
sleep apnea or peripheral neuropathy.

Demographic and clinical data measures
Patient data was collected, including age, gender, body mass index (BMI), main pain sites,
duration of pain, pain score measured on a 0 to 10 numeric rating scale (NRS) (patients were
asked to evaluate the current worst pain), current medications, presence of medical comorbidi-
ties (diagnosed hypertension, diabetes mellitus, heart diseases or neurologic diseases currently
requiring medical treatment), current pain sites related to surgical history, presence of symp-
toms suggesting neuropathic pain (radiating pain and/or symptoms including dysesthesia or
allodynia, burning or coldness, “pins and needles” sensations, numbness and itching), and
presence of multisite pain (pain in two or more anatomical areas other than main pain sites).

Psychological data measures
The severity of insomnia was assessed by the seven-item Insomnia Severity Index (ISI) [13].
The usual recall period is the “last month” and the dimensions evaluated are: severity of sleep
onset, sleep maintenance, and early morning awakening problems, sleep dissatisfaction, inter-
ference of sleep difficulties with daytime functioning, noticeability of sleep problems by others,
and distress caused by the sleep difficulties [13,14]. Each item is graded on a five-point scale
(0 = not at all to 4 = very severe) such that the global score ranges from 0 to 28, with higher
scores indicating more severe insomnia. According to the recommended score interpretation
guidelines, an ISI score of 15 or more is considered indicative of clinically significant insomnia
[14]. The level of anxiety and depression was assessed using the 14-item Hospital Anxiety and
Depression Scale (HADS) [15]. These 14 items, each scored on a 0 to 3 scale, are used to mea-
sure the degree of anxiety (seven items) and depression (seven items). The two subscale scores
range from 0 to 21, with higher scores indicating an increased likelihood of an anxiety or
depressive disorder. The level of pain catastrophizing was assessed using the Pain Catastrophiz-
ing Scale (PCS) [16]. The PCS is comprised of 13 items measuring catastrophizing thoughts or
feelings accompanying the experience of pain. Respondents are asked to reflect on past painful
experiences and to indicate the degree to which each of the 13 thoughts or feeling are experi-
enced when in pain. Each item is graded on a five-point scale (0 = not at all to 4 = all the time),
such that the global score ranges from 0 to 52, with higher scores indicating greater pain cata-
strophizing. To meet the objective of this study, the ISI, HADS, and PCS measurements were
based on review of memory within a month prior to the pain assessment time in individuals.
These psychological measures were performed by independent resident doctors during the pre-
liminary medical examination.

Statistical analysis
Continuous variables were recorded as means ± SDs, and categorical variables as a number
(percentage). The outcome variable in this study was the worst level of pain during last two
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weeks either assessed as a dichotomous variable (pain severity: NRS<7 or� 7) or as a continu-
ous variable (pain intensity: NRS 0 to 10). For the dichotomous outcome, patients were classi-
fied into 2 groups, mild to moderate pain (NRS< 7 for ‘‘worst pain level”) and severe pain
(NRS� 7 for ‘‘worst pain level”). We selected this cut-point with NRS� 7, which would be
reflected more hyperalgesic state. Also, mean pain score of 481 chronic back pain patients in
our clinic was 6.6 in our previous study. [17].

Demographic, clinical, and psychological measures were compared between patients with
mild to moderate pain (NRS<7) and severe pain (NRS� 7) using a t-test or chi-square test as
univariate analyses. Significant variables (P<0.05) on univariate analysis were selected for
multivariate analysis. In addition, Pearson correlation coefficients were also calculated among
study variables. Hierarchical multivariate logistic regression was used to compute adjusted
odds ratios (ORs) with 95% confidence intervals (CIs) for predictors associated with severe
pain (NRS� 7). Demographic, clinical, and psychological measures (anxiety, depression, and
pain catastrophizing) were sequentially entered in Step 1 to 3. ISI data for insomnia was finally
entered in the final model (Step 4). Hierarchical linear regression was performed to identify sig-
nificant predictors of pain intensity as the outcome. Measures were entered in Step 1 to 4 in the
same order as for the logistic regression. To control for the influence of multicollinearity, the
variance inflation factor value for every independent variable was examined. The variable was
included if this value was< 3. The option to use both logistic and linear regression to investi-
gate predictors of a high level of pain was related to our interest in both pain severity and inten-
sity as outcome variables and the thought that replication of findings via both logistic and
linear regression would reinforce their robustness. Statistical analysis was performed with the
Statistical Package for the Social Sciences (SPSS, version 20.0; SPSS Inc., Chicago, IL, USA). A
P value of less than 0.05 was considered statistically significant.

Results
Data from 689 patients who were treated for musculoskeletal pain as their chief complaint at
our pain clinic were obtained from the electronic medical records. After excluding cases with
pain duration< six months, a total of 441 patients were evaluated for eligibility. Twenty-four
patients with cancer-related pain and eleven patients with pre-existing major psychiatric and
neurologic disorders such as major depressive disorder and dementia were excluded. Seven
patients with traumatic peripheral nerve injury and three patients with post-stroke pain syn-
drome were excluded. Six patients taking medication for diabetes mellitus neuropathy were
excluded. Fifteen patients were excluded for having primary insomnia or depressive/anxious
symptoms that emerged prior to the onset of pain. Eighteen patients with incomplete data also
were excluded. Finally, a total of 357 patients with chronic musculoskeletal pain satisfied the
study inclusion criteria and were included in the analyses (Fig 1).

Most patients suffered from neck and low back pain (67.5%) and joint pain (22.3%). All
enrolled patients were taking more than one type of analgesic medication; 57% of patients were
taking more than two types of analgesic medications. A total of 38% of patients were undergo-
ing physical therapy or injection therapy. The mean global ISI score was 8.6 and 47.6% of
patients reported mild to severe insomnia symptoms (ISI score�8) after pain development.
Moderate to severe clinical insomnia (ISI score�15) was observed in 19.3% of the study popu-
lation. Demographic and clinical characteristics and psychological measures of the total patient
sample and in each pain severity group (NRS<7 and� 7) are listed in Table 1. The mean age
of the severe pain group was higher than that of the mild-moderate pain group (t = -3.499,
P = 0.001). Female patients reported more severe pain than male patients, but the difference
was not statistically significant (χ2 = 3.106, P = 0.082). Patients with pain site-related surgery
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reported more severe pain compared to those without an operative history (χ2 = 7.610,
P = 0.006). In addition, patients with severe pain showed poor psychological states, with more
severe anxiety (t = -8.728, P<0.001), depression (t = -6.529, P<0.001), pain catastrophizing
(t = -8.970, P<0.001), and insomnia (t = -8.251, P<0.001).

The results of multivariate logistic regression are presented in Table 2. The variables that
emerged as predictors of severe pain (NRS� 7) in the final model were age (OR = 1.017, 95%
CI 1.001–1.032, P = 0.034), anxiety (OR = 1.162, 95% CI 1.020–1.324, P = 0.024), pain catastro-
phizing (OR = 1.043, 95% CI 1.007–1.081, P = 0.018), and insomnia (OR = 1.112, 95% CI
1.057–1.170, P<0.001), with older patients and those with an increased level of anxiety, pain
catastrophizing, and insomnia having a higher probability of being in the severe pain group.
Female gender and level of depression were not significant factors in this analysis. Surgical his-
tory was a significant factor in Step 2, but it was no longer significant after psychological mea-
sures were entered in Steps 3 and 4.

Pearson correlation coefficients between pain intensity and other study variables (continu-
ous variables) were calculated. Pain intensity was significantly correlated with age (r = 0.128,

Fig 1. Flow diagram of the study.NRS = numeric rating scale.

doi:10.1371/journal.pone.0163132.g001
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p = 0.001) and psychological measures such as depression (r = 0.350, p<0.001), anxiety
(r = 0.435, p<0.001), pain catastrophizing (r = 0.478, p<0.001), and insomnia (r = 0.462,
p<0.001). Results of variance inflation factor analysis showed that there was no problematic
multicollinearity among the psychological measures (1.350 to 2.334). Hierarchical linear

Table 1. Differences between patient groups with mild to moderate pain (NRS<7) and severe pain (NRS� 7) in demographic and clinical character-
istics, and psychological measures.

Patients characteristics Total sample (n = 357) Mild to moderate pain (n = 185) Severe pain (n = 172) p-value

Demographic data

Female/ male, n 219 (61.3%)/138 (38.7%) 105 (56.7%)/80 (43.3%) 114 (66.2%)/ 58(33.8%) 0.082

Age, years 56.1 ± 17.3 53.1 ± 18.3 59.3 ± 15.5 0.001

Body mass index, kg/m2 23.6 ± 3.3 23.5 ± 3.1 23.6 ± 3.2 0.861

Clinical data

Pain duration, months 34.2 ± 50.0 31.5 ± 51.6 37.1 ± 48.2 0.291

Medical comorbidities (Yes/no), n 135 (37.8%)/222 (62.2%) 67 (36.2%)/118 (63.8%) 68 (39.5%)/ 104(60.5%) 0.585

Surgery history (Yes/no), n 74 (20.7%)/283 (79.3%) 28 (15.1%)/157 (84.9%) 46 (26.7%)/ 126(73.3%) 0.006

Neuropathic pain components (Yes/no), n 236 (66.1%)/121(33.9%) 112 (60.5%)/73(39.5%) 115 (66.8%)/57(33.2%) 0.911

Multisite pain (Yes/no), n 54 (15.1%)/303(84.9%) 23 (12.4%)/162(87.6%) 30 (17.4%)/142(82.6%) 0.233

Psychological measures (continuous variables)

Insomnia (ISI) 8.6 ± 5.7 6.4 ± 4.5 10.9 ± 5.9 <0.001

Anxiety (HADS) 5.4 ± 3.6 4.0 ± 2.7 7.0 ± 3.8 <0.001

Depression (HADS) 4.1 ± 3.3 3.0 ± 2.7 5.2 ± 3.2 <0.001

Pain catastrophizing (PCS) 16.3 ± 10.6 11.9 ± 8.2 21.1 ± 10.9 <0.001

Values are expressed as the mean ± SD or number of patients (%). NRS = numeric rating scale; ISI = Insomnia Severity Index; HADS = Hospital Anxiety and

Depression Scale; PCS = Pain Catastrophizing Scale

doi:10.1371/journal.pone.0163132.t001

Table 2. Hierarchical multivariate logistic regression analysis for risk factors predicting severe pain
(NRS� 7, n = 172) in 357 chronic musculoskeletal pain patients.

Variables Odds ratio (95% CI) p-value

Step 1
Female gender 1.332 (0.858–2.067) 0.202

Age 1.021 (1.008–1.034) 0.001

Step 2

Surgery history 1.919 (1.119–3.292) 0.018

Step 3

Anxiety 1.195 (1.050–1.359) 0.007

Depression 0.986 (0.878–1.108) 0.815

Pain catastrophizing 1.054 (1.019–1.090) 0.003

Step 4 (final model)

Female gender 1.142 (0.663–1.909) 0.613

Age 1.017 (1.001–1.032) 0.034

Surgery history 1.724 (0.907–3.276) 0.097

Anxiety 1.162 (1.020–1.324) 0.024

Depression 0.964 (0.855–1.087) 0.549

Pain catastrophizing 1.043 (1.007–1.081) 0.018

Insomnia 1.112 (1.057–1.170) <0.001

CI = confidence interval; NRS = numeric rating scale.

doi:10.1371/journal.pone.0163132.t002
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regression analysis was performed to identify predictors of pain intensity (Table 3). As men-
tioned in the methods section, this model was generated using the same sequential steps as pre-
viously described for pain severity. Three psychological measures, anxiety, depression, and
pain catastrophizing were included in step 3, and anxiety (β = 0.177, P = 0.042) and pain
catastrophizing (β = 0.323, P<0.001) were found to be significant predictors. The variance
explained by the first two steps was only 5.0%, whereas the variance explained by step 3 (anxi-
ety, depression, and pain catastrophizing entered) remarkably increased to 26.1%. Insomnia
was entered in the final step, and also emerged as a significant predictor (β = 0.286, P<0.001),
explaining an additional 6.0% of the variance in pain intensity. Finally, the variance explained
by the final model increased to 32.2%. Anxiety (β = 0.113, P = 0.211) was not a significant pre-
dictor in the final model.

Discussion
In the present study, we confirmed that poor psychological states are prevalent in chronic mus-
culoskeletal pain patients with severe pain. We found that older age, high pain catastrophizing,
and severe insomnia were strongly associated with higher reported pain levels in this popula-
tion. Insomnia was independently associated with pain intensity, even after controlling for var-
ious demographic and clinical factors.

Many studies have reported high prevalence of anxiety, depression, and pain catastrophiz-
ing together with insomnia in patients with chronic pain, and these symptoms, even though
they are distinct processes, may share common neurophysiological mechanisms and behavioral
manifestations [18,19]. Our results demonstrated that insomnia and pain catastrophizing sig-
nificantly affects patient reported pain severity and intensity in chronic musculoskeletal pain.

Table 3. Hierarchical linear regression analysis for predictors of pain intensity (0 to 10 NRS) in 357 chronic musculoskeletal pain patients.

Variables t Standardized β R2 R2 change F change

Step 1 0.034 0.034 6.185**

Female gender 0.863 0.046

Age 3.238** 0.171

Step 2 0.050 0.016 6.108*

Surgery history 2.472* 0.130

Step 3 0.261 0.211 33.352***

Anxiety 2.037* 0.177

Depression 0.092 0.007

Pain catastrophizing 4.562*** 0.323

Step 4 (final model) 0.322 0.060 30.934***

Female gender -0.159 -0.007

Age 2.335* 0.106

Surgery history 1.309 0.061

Anxiety 1.333 0.113

Depression -0.276 -0.019

Pain catastrophizing 3.593*** 0.249

Insomnia 5.562*** 0.286

NRS = numeric rating scale.

* P<0.05,

** P<0.01,

*** P<0.001

doi:10.1371/journal.pone.0163132.t003
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Insomnia is frequently experienced by patients suffering from chronic musculoskeletal pain
[15], but is often seen as a secondary symptom of chronic pain and not as an independent
symptom. Because pain mediates sleep problems, adequate pain management was thought to
lead to improved sleep in patients with chronic pain [20,21]. However, this point of view has
shifted gradually as new evidence has emerged pointing toward insomnia as the primary disor-
der from which chronic pain often develops [22–24]. Interestingly, both pain-related insomnia
and primary insomnia have large similarities to sleep patterns and psychological characteristics
[25]. Many patients with chronic pain continue to experience sleep problems even when good
pain control is achieved [26,27]. Furthermore, a recent study demonstrated improvement in
insomnia resulted in better pain treatment outcomes in patients with chronic pain and comor-
bid insomnia [12]. From a biophysiologic perspective, insomnia has a harmful impact on car-
bohydrate metabolism and endocrine function [28], and is also related to increased production
of inflammatory mediators, which can potentially aggravate pain [29]. Specifically, insomnia
causes a hyperalgesic status with a low pain threshold, and this effect remains even after con-
trolling other psychological symptoms [8,30]. A recent study demonstrated this insomnia-
induced low pain threshold could consequently lead to an inability to sufficiently activate pain
inhibitory pathways [31]. Moreover, in patients with major depressive disorder, insomnia
remained a significant predictor of pain even after controlling for the severity of anxiety and
depression [23]. Therefore, although the clear direction of the relationship between insomnia
and pain could not be established in this study, our results indicate that specific assessment
and treatment of insomnia may be emphasized in the course of pain management in patients
suffering from severe chronic musculoskeletal pain.

In this study, the results of both multivariate analyses showed that pain catastrophizing was
strongly associated with higher reported pain levels in patients with chronic musculoskeletal
pain. This result indicates that cognitive processes related to pain may play an important role
in pain perception in this population. Catastrophizing has been defined as an exaggerated neg-
ative mindset brought to bear during actual or anticipated painful experiences [32]. It is a key
factor as to how cognition, beliefs, coping strategies and functioning are related to the experi-
ence of pain [33]. Although few studies address the role of pain catastrophizing in the relation-
ship between insomnia and pain, a significant portion of variance in clinical pain severity is
attributable to pain catastrophizing, and rumination about pain in particular was mediated by
sleep disturbances in a population suffering from chronic myofascial pain [34]. Patients with
osteoarthritis, comorbid insomnia and a high level of catastrophizing reported increased clini-
cal pain following increased levels of central sensitization [10]. Collectively, pain catastrophiz-
ing should be considered in the sleep-pain relationship, although the underlying cognitive
processes in comorbid insomnia and chronic pain are not yet clear [11].

An interesting finding was that chronological age was significantly associated with patient-
reported pain severity and intensity in this study. In experimental studies, low pain threshold,
the temporal summation of low-frequency stimuli, and capsaicin-induced persistent secondary
hyperalgesia were more frequently observed in older subjects when compared with younger
subjects [35–37]. This indicates that the reduced efficacy of endogenous analgesic systems, a
decreased tolerance of pain and the slower resolution of post-injury hyperalgesia may make it
more difficult for the older adult to cope, once injury has occurred [38]. These age-related
changes of pain perception may be intensified by the burden of comorbidities and psychologi-
cal symptoms including insomnia in older individuals [39]. Worse psychological states were
also observed as age increased in this study; therefore, the severity of comorbid psychological
symptoms seems to be important when devising treatment strategies for older patients who are
likely to be especially vulnerable to the negative impacts of pain and pain-associated events.
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Our study has several limitations that suggest directions for future research. First, it was
conducted in a single clinical setting and included a study population with a homogeneous
racial background, which might limit our ability to detect potentially significant associations.
Secondly, our findings are cross-sectional in nature, limiting our ability to identify a causal
relationship between psychological factors and current pain or treatments. We also could not
control for potential confounders such as anticonvulsant and antidepressant use, which could
affect sleep or mood. Third, pain intensity as an outcome variable was only measured by
patient-reported pain score using NRS, and this study was based on subjective assessment of
insomnia. Fourth, the ISI does not include parameters that are used to measure the degree of
interruption in daytime activities, and insomnia frequency and duration, which would influ-
ence insomnia severity. Therefore, prospective and longitudinal studies with clear temporal
precedence and causality should be needed to evaluate the influence of psychological symp-
toms including insomnia on pain intensity in chronic musculoskeletal pain.

In conclusion, we found that older age, severe insomnia, and high pain catastrophizing were
significantly associated with higher reported pain levels in chronic musculoskeletal pain
patients. Therefore, these factors should be addressed as an important part of pain manage-
ment in this population. Especially, specific assessment and treatment of insomnia should be
emphasized in the course of pain management in patients with severe pain.

Supporting Information
S1 Dataset.
(XLSX)

Author Contributions

Conceptualization: SHK SJP.

Data curation: SJP SHK JAM.

Formal analysis: SHK SJP.

Investigation: SJP JAM.

Methodology: SHK SJP.

Project administration: SHK SJP.

Resources: DMY KBY.

Software: DMY SHK.

Supervision: SHK.

Validation: DMY KBY SHK.

Visualization: SHK.

Writing – original draft: SJP SHK.

Writing – review & editing: SJP SHK.

References
1. Smith MT, Perlis ML, Haythornthwaite JA. Suicidal ideation in outpatients with chronic musculoskeletal

pain: an exploratory study of the role of sleep onset insomnia and pain intensity. Clin J Pain. 2004;
20:111–118. PMID: 14770051

Insomnia and Chronic Musculoskeletal Pain

PLOS ONE | DOI:10.1371/journal.pone.0163132 September 16, 2016 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163132.s001
http://www.ncbi.nlm.nih.gov/pubmed/14770051


2. Strine TW, Hootman JM. US national prevalence and correlates of low back and neck pain among
adults. Arthritis Rheum. 2007; 57:656–665. PMID: 17471542

3. Linton SJ, Nicholas MK, MacDonald S, Boersma K, Bergbom S, Maher C, et al. The role of depression
and catastrophizing in musculoskeletal pain. Eur J Pain. 2011; 15:416–422. doi: 10.1016/j.ejpain.2010.
08.009 PMID: 20884261

4. WongWS, Lam HM, Chow YF, Chen PP, Lim HS, Wong S, et al. The effects of anxiety sensitivity, pain
hypervigilance, and pain catastrophizing on quality of life outcomes of patients with chronic pain: a pre-
liminary, cross-sectional analysis. Qual Life Res. 2014; 23:2333–2341. doi: 10.1007/s11136-014-0683-
y PMID: 24748558

5. Artner J, Cakir B, Spiekermann JA, Kurz S, Leucht F, Reichel H, et al. Prevalence of sleep deprivation
in patients with chronic neck and back pain: a retrospective evaluation of 1016 patients. J Pain Res.
2013; 6:1–6. doi: 10.2147/JPR.S36386 PMID: 23300350

6. Sayar K, Arikan M, Yontem T. Sleep quality in chronic pain patients. Can J Psychiatry. 2002; 47:844–
848. PMID: 12500754

7. Kovacs FM, Seco J, Royuela A, Melis S, Sanchez C, Diaz-Arribas MJ, et al. Patients with neck pain are
less likely to improve if they experience poor sleep quality: a prospective study in routine practice. Clin
J Pain. 2015; 31:713–721. doi: 10.1097/AJP.0000000000000147 PMID: 26153781

8. Chiu YH, Silman AJ, Macfarlane GJ, Ray D, Gupta A, Dickens C, et al. Poor sleep and depression are
independently associated with a reduced pain threshold. Results of a population based study. Pain.
2005; 115:316–321. PMID: 15911158

9. Kelly GA, Blake C, Power CK, O'keeffe D, Fullen BM. The association between chronic low back pain
and sleep: a systematic review. Clin J Pain. 2011; 27:169–181. doi: 10.1097/AJP.0b013e3181f3bdd5
PMID: 20842008

10. Campbell CM, Buenaver LF, Finan P, Bounds SC, Redding M, McCauley L, et al. Sleep, Pain Catastro-
phizing, and Central Sensitization in Knee Osteoarthritis Patients With andWithout Insomnia. Arthritis
Care Res (Hoboken). 2015; 67:1387–1396.

11. Byers HD, Lichstein KL, Thorn BE. Cognitive processes in comorbid poor sleep and chronic pain. J
Behav Med. 2016; 39:233–240. doi: 10.1007/s10865-015-9687-5 PMID: 26458949

12. Vitiello MV, McCurry SM, Shortreed SM, Baker LD, Rybarczyk BD, Keefe FJ, et al. Short-term improve-
ment in insomnia symptoms predicts long-term improvements in sleep, pain, and fatigue in older adults
with comorbid osteoarthritis and insomnia. Pain. 2014; 155:1547–1554. doi: 10.1016/j.pain.2014.04.
032 PMID: 24793909

13. Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an outcomemeasure
for insomnia research. Sleep Med. 2001; 2:297–307. PMID: 11438246

14. Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index: psychometric indicators to
detect insomnia cases and evaluate treatment response. Sleep. 2011; 34:601–608. PMID: 21532953

15. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression
Scale. An updated literature review. J Psychosom Res. 2002; 52:69–77. PMID: 11832252

16. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and validation. Psychol
Assess. 1995; 7: 524–532.

17. Kim SH, Sun JM, Yoon KB, Moon JH, An JR, Yoon DM. Risk factors associated with clinical insomnia
in chronic low back pain: a retrospective analysis in a university hospital in Korea. Korean J Pain. 2015;
28:137–143. doi: 10.3344/kjp.2015.28.2.137 PMID: 25852836

18. MacDonald S, Linton SJ, Jansson-Frojmark M. Avoidant safety behaviors and catastrophizing: shared
cognitive-behavioral processes and consequences in co-morbid pain and sleep disorders. Int J Behav
Med. 2008; 15:201–210. doi: 10.1080/10705500802222675 PMID: 18696314

19. Finan PH, Smith MT. The comorbidity of insomnia, chronic pain, and depression: dopamine as a puta-
tive mechanism. Sleep Med Rev. 2013; 17:173–183. doi: 10.1016/j.smrv.2012.03.003 PMID:
22748562

20. Fishbain DA, Hall J, Meyers AL, Gonzales J, Mallinckrodt C. Does pain mediate the pain interference
with sleep problem in chronic pain? Findings from studies for management of diabetic peripheral neuro-
pathic pain with duloxetine. J Pain SymptomManage. 2008; 36:639–647. doi: 10.1016/j.jpainsymman.
2007.12.012 PMID: 18504092

21. Power JD, Perruccio AV, Badley EM. Pain as a mediator of sleep problems in arthritis and other chronic
conditions. Arthritis Rheum. 2005; 53:911–919. PMID: 16342098

22. Asih S, Neblett R, Mayer TG, Brede E, Gatchel RJ. Insomnia in a chronic musculoskeletal pain with dis-
ability population is independent of pain and depression. Spine J. 2014; 14:2000–2007. doi: 10.1016/j.
spinee.2013.11.052 PMID: 24333458

Insomnia and Chronic Musculoskeletal Pain

PLOS ONE | DOI:10.1371/journal.pone.0163132 September 16, 2016 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/17471542
http://dx.doi.org/10.1016/j.ejpain.2010.08.009
http://dx.doi.org/10.1016/j.ejpain.2010.08.009
http://www.ncbi.nlm.nih.gov/pubmed/20884261
http://dx.doi.org/10.1007/s11136-014-0683-y
http://dx.doi.org/10.1007/s11136-014-0683-y
http://www.ncbi.nlm.nih.gov/pubmed/24748558
http://dx.doi.org/10.2147/JPR.S36386
http://www.ncbi.nlm.nih.gov/pubmed/23300350
http://www.ncbi.nlm.nih.gov/pubmed/12500754
http://dx.doi.org/10.1097/AJP.0000000000000147
http://www.ncbi.nlm.nih.gov/pubmed/26153781
http://www.ncbi.nlm.nih.gov/pubmed/15911158
http://dx.doi.org/10.1097/AJP.0b013e3181f3bdd5
http://www.ncbi.nlm.nih.gov/pubmed/20842008
http://dx.doi.org/10.1007/s10865-015-9687-5
http://www.ncbi.nlm.nih.gov/pubmed/26458949
http://dx.doi.org/10.1016/j.pain.2014.04.032
http://dx.doi.org/10.1016/j.pain.2014.04.032
http://www.ncbi.nlm.nih.gov/pubmed/24793909
http://www.ncbi.nlm.nih.gov/pubmed/11438246
http://www.ncbi.nlm.nih.gov/pubmed/21532953
http://www.ncbi.nlm.nih.gov/pubmed/11832252
http://dx.doi.org/10.3344/kjp.2015.28.2.137
http://www.ncbi.nlm.nih.gov/pubmed/25852836
http://dx.doi.org/10.1080/10705500802222675
http://www.ncbi.nlm.nih.gov/pubmed/18696314
http://dx.doi.org/10.1016/j.smrv.2012.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22748562
http://dx.doi.org/10.1016/j.jpainsymman.2007.12.012
http://dx.doi.org/10.1016/j.jpainsymman.2007.12.012
http://www.ncbi.nlm.nih.gov/pubmed/18504092
http://www.ncbi.nlm.nih.gov/pubmed/16342098
http://dx.doi.org/10.1016/j.spinee.2013.11.052
http://dx.doi.org/10.1016/j.spinee.2013.11.052
http://www.ncbi.nlm.nih.gov/pubmed/24333458


23. Chung KF, Tso KC. Relationship between insomnia and pain in major depressive disorder: A sleep
diary and actigraphy study. Sleep Med. 2010; 11:752–758. doi: 10.1016/j.sleep.2009.09.005 PMID:
20133187

24. Palermo TM, Wilson AC, Lewandowski AS, Toliver-Sokol M, Murray CB. Behavioral and psychosocial
factors associated with insomnia in adolescents with chronic pain. Pain. 2011; 152:89–94. doi: 10.
1016/j.pain.2010.09.035 PMID: 21030151

25. Tang NK, Goodchild CE, Hester J, Salkovskis PM. Pain-related insomnia versus primary insomnia: a
comparison study of sleep pattern, psychological characteristics, and cognitive-behavioral processes.
Clin J Pain. 2012; 28:428–436. doi: 10.1097/AJP.0b013e31823711bc PMID: 22179550

26. Gustavsson C, von Koch L. Applied relaxation in the treatment of long-lasting neck pain: a randomized
controlled pilot study. J Rehabil Med. 2006; 38:100–107. PMID: 16546766

27. Tang NK. Insomnia Co-Occurring with Chronic Pain: Clinical Features, Interaction, Assessments and
Possible Interventions. Rev Pain. 2008; 2:2–7.

28. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and endocrine function. Lancet.
1999; 354:1435–1439. PMID: 10543671

29. Quartana PJ, Finan PH, Page GG, Smith MT. Effects of insomnia disorder and knee osteoarthritis on
resting and pain-evoked inflammatory markers. Brain Behav Immun. 2015; 47:228–237. doi: 10.1016/j.
bbi.2014.12.010 PMID: 25532786

30. Schuh-Hofer S, Wodarski R, Pfau DB, Caspani O, Magerl W, Kennedy JD, et al. One night of total
sleep deprivation promotes a state of generalized hyperalgesia: a surrogate pain model to study the
relationship of insomnia and pain. Pain. 2013; 154:1613–1621. doi: 10.1016/j.pain.2013.04.046 PMID:
23707287

31. Haack M, Scott-Sutherland J, Santangelo G, Simpson NS, Sethna N, Mullington JM. Pain sensitivity
and modulation in primary insomnia. Eur J Pain. 2012; 16:522–533. doi: 10.1016/j.ejpain.2011.07.007
PMID: 22396081

32. Quartana PJ, Campbell CM, Edwards RR. Pain catastrophizing: a critical review. Expert Rev Neu-
rother. 2009; 9:745–758. doi: 10.1586/ern.09.34 PMID: 19402782

33. Sturgeon JA, Zautra AJ. Psychological resilience, pain catastrophizing, and positive emotions: per-
spectives on comprehensive modeling of individual pain adaptation. Curr Pain Headache Rep. 2013;
17:317. doi: 10.1007/s11916-012-0317-4 PMID: 23338769

34. Buenaver LF, Quartana PJ, Grace EG, Sarlani E, Simango M, Edwards RR, et al. Evidence for indirect
effects of pain catastrophizing on clinical pain among myofascial temporomandibular disorder partici-
pants: the mediating role of sleep disturbance. Pain. 2012; 153:1159–1166. doi: 10.1016/j.pain.2012.
01.023 PMID: 22417656

35. Jourdan D, Boghossian S, Alloui A, Veyrat-Durebex C, Coudore MA, Eschalier A, et al. Age-related
changes in nociception and effect of morphine in the Lou rat. Eur J Pain. 2000; 4:291–300. PMID:
10985873

36. Farrell M, Gibson S. Age interacts with stimulus frequency in the temporal summation of pain. Pain
Med. 2007; 8:514–520. PMID: 17716325

37. Zheng Z, Gibson SJ, Khalil Z, Helme RD, McMeeken JM. Age-related differences in the time course of
capsaicin-induced hyperalgesia. Pain. 2000; 85:51–58. PMID: 10692602

38. Gibson SJ, Farrell M. A review of age differences in the neurophysiology of nociception and the percep-
tual experience of pain. Clin J Pain. 2004; 20:227–239. PMID: 15218407

39. Frondini C, Lanfranchi G, Minardi M, Cucinotta D. Affective, behavior and cognitive disorders in the
elderly with chronic musculoskelatal pain: the impact on an aging population. Arch Gerontol Geriatr.
2007; 44:167–171. PMID: 17317450

Insomnia and Chronic Musculoskeletal Pain

PLOS ONE | DOI:10.1371/journal.pone.0163132 September 16, 2016 11 / 11

http://dx.doi.org/10.1016/j.sleep.2009.09.005
http://www.ncbi.nlm.nih.gov/pubmed/20133187
http://dx.doi.org/10.1016/j.pain.2010.09.035
http://dx.doi.org/10.1016/j.pain.2010.09.035
http://www.ncbi.nlm.nih.gov/pubmed/21030151
http://dx.doi.org/10.1097/AJP.0b013e31823711bc
http://www.ncbi.nlm.nih.gov/pubmed/22179550
http://www.ncbi.nlm.nih.gov/pubmed/16546766
http://www.ncbi.nlm.nih.gov/pubmed/10543671
http://dx.doi.org/10.1016/j.bbi.2014.12.010
http://dx.doi.org/10.1016/j.bbi.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/25532786
http://dx.doi.org/10.1016/j.pain.2013.04.046
http://www.ncbi.nlm.nih.gov/pubmed/23707287
http://dx.doi.org/10.1016/j.ejpain.2011.07.007
http://www.ncbi.nlm.nih.gov/pubmed/22396081
http://dx.doi.org/10.1586/ern.09.34
http://www.ncbi.nlm.nih.gov/pubmed/19402782
http://dx.doi.org/10.1007/s11916-012-0317-4
http://www.ncbi.nlm.nih.gov/pubmed/23338769
http://dx.doi.org/10.1016/j.pain.2012.01.023
http://dx.doi.org/10.1016/j.pain.2012.01.023
http://www.ncbi.nlm.nih.gov/pubmed/22417656
http://www.ncbi.nlm.nih.gov/pubmed/10985873
http://www.ncbi.nlm.nih.gov/pubmed/17716325
http://www.ncbi.nlm.nih.gov/pubmed/10692602
http://www.ncbi.nlm.nih.gov/pubmed/15218407
http://www.ncbi.nlm.nih.gov/pubmed/17317450

